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Objectives: To estimate the frequency and nature of complications in patients undergoing diagnostic
cardiac catheterisation and to assess time trends in complications since the introduction of a voluntary
cooperative audit.
Methods: Cardiac centres undertaking diagnostic cardiac catheterisation in England and Wales during
the 10 years 1990–9 were invited to join the study. Each participating centre reported numbers of patients
catheterised each month and details of complications and deaths as they occurred. Complication rates
were calculated for the main diagnostic procedures and for each participating hospital and time trends in
complications were examined.
Results: 41 cardiac centres contributed. 211 645 diagnostic procedures in adults and 7582 paediatric
procedures were registered. The majority (87%) of diagnostic catheter studies in adults were left heart
studies with coronary arteriography. The overall complication rate for adult procedures was 7.4/1000,
with mortality at 0.7/1000; for paediatric procedures the complication rate was similar but mortality
rather higher. Complication rates varied between centres but there was little association with caseload.
Time trends across the decade showed both complication and mortality decreasing; from 9.5 to 5.8/1000
and from 1.4 to 0.4/1000, respectively.
Conclusion: Complication rates of diagnostic catheterisation are low but neither negligible nor irreducible.
While voluntary audit of cardiac catheter complications is useful and inexpensive, there is a clear need to
establish a formal reporting system in all cardiac catheter laboratories, with clear definitions of reportable
complications.

D
iagnostic cardiac catheterisation is an integral part of
cardiological practice. Coronary angiography remains
invaluable in the assessment of patients with ischaemic

heart disease and is essential in mapping anatomy prepara-
tory to revascularisation. Cardiac catheterisation, which
involves inserting catheters into the heart or great vessels,
is not entirely free from risk of complications and, in some
patients, death. Risk associated with technique or operator
can be reduced by audit, the continuing identification and
analysis of untoward events with feedback to practitioners.1 2

In some countries, there is a statutory requirement for
catheter laboratory audit.3 In the UK audit of cardiac surgery
and coronary angioplasty is established on a voluntary basis
and, following formation of the Joint Audit Committee of the
British Cardiac Society and the Royal College of Physicians in
1989, one of its first projects was a voluntary audit of
diagnostic cardiac catheterisation.4–6 This project, the con-
fidential inquiry into cardiac catheter complications, was led
by the late David de Bono.7 The present report summarises
the findings over the 10 years 1990–9 inclusive.

METHODS
An open invitation to participate was issued through the
British Cardiac Society newsletter and by writing to centres
known to be performing diagnostic angiography. Centres
were asked to identify a link person, usually a catheter
laboratory nurse or manager, to be responsible for local data
collection. Each month the link person sent a single page
form to the coordinating centre, listing the number of
procedures performed, categorised by type of procedure,

and reported complications when they occurred, also on a
single page form. The complication report included a
description of the complication, date, type of procedure,
and status of the operator. The identity of the patient was
coded to enable centres to identify their own patients and
prevent double entry. Follow up reports were sent if a late
complication or death occurred.

A complication was defined as any untoward event that
jeopardised the patient’s life or prolonged the planned
hospital stay. There was no specific time limit but there
had to be a definite or probable link between the catheter
procedure itself and the complication. Thus, the death of a
patient while awaiting surgery for an acute post-infarct
ventricular septal defect would not be regarded as a catheter
complication, even though it occurred shortly after the
catheter study, whereas late death from renal failure
resulting from cholesterol embolism at the time of catheter-
isation would be counted, even if separated from the study by
some days or weeks. Several examples were provided in the
initial information pack sent to centres.

All reports were scrutinised by one observer (David de
Bono until 1998, NB from 1998) to ensure compliance with
the guidelines before being entered on the database.
Complications were classified into groups according to their
primary manifestation: arrhythmias (ventricular fibrillation,
ventricular tachycardia, asystole, and vasovagal), vascular
access complication (including haematoma that required
transfusion), ischaemia (where there was evidence based on
symptoms or ECG changes of severe and persisting myocar-
dial ischaemia as a complication of the catheter procedure),
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coronary dissection, haemodynamic collapse, cerebrovascular
accident (including transient ischaemic attack), inter- or
transmyocardial injection, and allergy. A few patients had
complications that could fall into two or more groups, but in
the present analysis all were ascribed to one principal
complication. The voluntary reporting scheme closed at the
end of 1999. Procedures, complications, and deaths were
reviewed again (by GE) to confirm inclusion and classifica-
tion under original guidelines. Returns from centres that
registered fewer than 1000 patients have been pooled.
Confidence intervals have been calculated, assuming
Poisson distributions for complications and deaths.

RESULTS
Forty one centres participated (see appendix). Three further
centres registered but logged no data. Monthly returns and
notification of complications were not continuous in all
participating hospitals when, for example, a nominated link
person changed jobs. In this analysis sporadic reports have
been omitted and only runs of three consecutive months or
more included.

Between 1 August 1990 and 31 December 1999, the
coordinating centre logged 219 227 procedures. Of these
211 645 were diagnostic catheterisations in adults and 7582
were paediatric procedures. Procedures involving coronary
angioplasty or balloon dilatation of a valve are not included
in the present report, as the British Cardiac Intervention
Society analyses interventional complications.5 One thousand
six hundred and fourteen complications and 164 procedure
related deaths were registered.

Table 1 shows numbers of procedures in the 30 centres that
registered over 1000 adult procedure, and in the pooled group
of 10 centres that registered fewer than 1000 procedures
each. Some monthly returns gave total procedure numbers,

without distinguishing type of procedure: these were
distributed pro rata according to the completed returns from
the hospital. Left heart catheterisation with coronary
angiography accounted for 87% of adult diagnostic proce-
dures, and 95% of paediatric procedures were right and left
heart without coronary angiography.

Table 1 also lists complication rates and mortality by centre
for all centres registering over 1000 cases and pooled for
those centres that registered fewer than 1000 cases. Nine
centres recorded high complication rates (lower 95% con-
fidence limit greater than the overall mean of 7.4) and the 10
small centres combined also recorded a high complication
rate, double the overall mean. Two centres plus the 10 small
centres combined recorded high death rates (lower 95%
confidence limit greater than the overall mean of 0.7).

Figure 1 shows the relation between complication and
death rates and monthly caseload for 30 centres and 10 small
centres pooled. Overall, there was no significant relation
between complication rate and caseload (for 31 ‘‘hospitals’’).
However, the highest complication rates were recorded in
four hospitals performing fewer than 100 procedures a
month and in the 10 small hospitals combined, which
together averaged fewer than 30 procedures a month.

Hospitals with high complication rates also recorded high
death rates (p , 0.05). The association between death rate
and caseload was significant, suggesting higher mortality in
hospitals that undertake fewer procedures a month
(p , 0.05). The pooled group of 10 small hospitals recorded
one of the highest death rates.

Table 2 shows numbers of complication and deaths for
different types of diagnostic procedure. The overall complica-
tion rate for adult diagnostic catheterisation was 7.4/1000
(95% confidence interval (CI) 7.0 to 7.7) and overall mortality
was 0.72/1000 (95% CI 0.61 to 0.84). The corresponding rates

Table 1 Types of diagnostic catheter procedures in adults and complications and death rates by centre

Centre Total no LCA (%) L no C (%) RLCA (%) RL no C (%) R (%)
Complications rate/1000
(95% CI)

Mortality/1000
(95% CI)

1 14081 86.2 3.1 9.5 0.6 0.7 8.4 (7.0 to 18.2) 1.6 (1.0 to 2.4)
2 21975 84.4 2.9 8.9 0.9 2.9 9.0 (7.8 to 10.4) 0.7 (0.4 to 1.2)
3 1174 82.7 1.9 10.7 0.6 4.2 8.5 (4.1 to 15.7) 1.7 (0.2 to 6.1)
4 3936 93.3 0.2 6.1 0.0 0.4 6.4 (4.1 to 9.4) 0.3 (0.0 to 1.4)
5 17474 92.4 0.2 6.0 0.2 1.3 6.2 (5.2 to 7.6) 0.1 (0.0 to 0.4)
6 2194 91.3 0.6 7.7 0.1 0.4 4.1 (1.9 to 7.8) 0.0 (0.0 to 1.7)
7 2381 84.2 1.6 14.2 0.0 0.0 11.8 (7.8 to 17.0) 2.1 (0.7 to 4.9)

10 5049 90.3 0.7 7.8 0.5 0.7 8.9 (6.5 to 11.9) 1.8 (0.8 to 3.4)
11 3840 90.2 0.7 8.2 0.1 0.9 6.8 (4.4 to 9.9) 1.8 (0.7 to 3.8)
12 21030 80.9 0.0 18.3 0.1 0.7 1.9 (1.3 to 2.5) 0.4 (0.2 to 0.8)
13 8523 89.5 1.4 6.8 1.6 0.7 3.3 (2.2 to 4.8) 0.9 (0.4 to 1.9)
15 5517 85.6 0.6 11.6 0.9 1.3 6.2 (4.4 to 8.7) 0.9 (0.3 to 2.1)
17 11461 78.1 0.3 19.8 0.3 1.5 5.4 (4.2 to 6.9) 0.2 (0.0 to 0.6)
18 22694 87.6 0.5 11.0 0.3 0.6 10.7 (9.4 to 12.2) 0.7 (0.4 to 1.2)
19 10473 85.8 0.9 10.3 0.1 2.9 7.5 (6.0 to 9.4) 0.3 (0.1 to 0.8)
20 1578 85.9 1.8 8.2 0.0 4.2 5.1 (2.2 to 10.0) 1.3 (0.1 to 4.6)
23 1555 83.2 1.4 12.4 1.9 1.2 3.9 (1.4 to 8.4) 1.9 (0.4 to 5.7)
25 2214 94.3 0.5 3.6 0.8 0.7 8.6 (5.2 to 13.4) 0.0 (0.0 to 1.7)
27 2274 91.0 0.2 7.8 0.2 0.7 13.6 (9.2 to 19.4) 1.8 (0.5 to 4.5)
28 1387 98.6 0.6 0.6 0.0 0.3 0.0 (0.0 to 2.7) 0.0 (0.0 to 2.7)
29 8412 87.1 0.7 10.8 0.2 1.3 7.6 (5.8 to 9.8) 1.0 (0.4 to 1.9)
30 3531 88.7 0.1 9.9 0.3 1.0 7.1 (4.5 to 10.5) 0.6 (0.1 to 2.0)
31 13618 92.3 0.1 7.1 0.0 0.5 9.3 (7.8 to 11.1) 0.6 (0.3 to 1.2)
33 5123 89.4 0.8 5.9 3.6 0.4 3.5 (2.1 to 5.5) 0.6 (0.1 to 1.7)
34 3287 92.2 0.5 7.3 0.0 0.0 0.0 (0.0 to 1.1) 0.0 (0.0 to 1.1)
36 3589 93.3 0.1 6.0 0.1 0.5 3.6 (1.9 to 6.2) 0.6 (0.1 to 2.0)
38 2350 91.8 0.0 7.1 0.1 1.0 13.2 (8.9 to 18.7) 0.4 (0.0 to 2.4)
39 2699 93.2 0.0 6.7 0.0 0.2 11.9 (8.2 to 16.7) 0.4 (0.0 to 2.1)
40 2300 92.9 0.0 4.9 0.6 1.7 15.7 (10.9 to 21.7) 1.7 (0.5 to 4.4)
42 1508 88.7 0.5 6.4 1.9 2.6 13.9 (8.6 to 21.2) 0.0 (0.0 to 2.5)
Pooled* 4418 88.8 0.5 6.4 1.8 2.6 15.4 (12.0 to 19.5) 1.8 (0.8 to 3.6)
Total 211645 87.4 0.9 10.0 0.5 1.2 7.4 (7.0 to 7.7) 0.7 (0.6 to 0.9)

*Pooled results in 10 centres registering fewer than 1000 patients each.
CI, confidence interval; L no C, left heart no coronary arteries; LCA, left heart and coronary arteries; R, right heart only; RLCA, right and left heart and coronaries;
RL no C, right and left heart no coronaries.
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for paediatric procedures were 7.1 (95% CI 5.4 to 9.2) and
1.45 (95% CI 0.73 to 2.60), respectively (7582 procedures,
4404 in one hospital and 3012 in five others, 54 complica-
tions, and 11 deaths). Paediatric procedures are not strictly
comparable with adult, since most involve intervention and
general anaesthesia.

Table 2 also gives numbers of complications and deaths by
types of complication. The most common were arrhythmias
(35%), with low case fatality (3%), and second were vascular
complications (22%), with low case fatality (2%). Third most
common were ischaemias (11%), which accounted for a large
proportion of the deaths (case fatality 42%).

Analysis of the time trend in complication rates shows
higher rates in the early years and lower rates later, an
average decline of 0.42/1000 per annum (p , 0.05; fig 2). The
time trend in death rate shows a significant decline of 0.09/
1000 per annum (p , 0.02; fig 2).

DISCUSSION
We report the frequency and nature of complications in
patients undergoing diagnostic cardiac catheterisation in 41
cardiac centres in England and Wales during the period from
1990 to 1999. The study is based on a voluntary reporting
system established by the Joint Audit Committee of the
British Cardiac Society and Royal College of Physicians of
London. The study follows the same methods and analysis,
including grouping of procedures and reported complications,
as were used for the first two years.7 There are weaknesses in
voluntary registration of complications: relatively few hospi-
tals participated for the whole period and several contributed
for only a year. There were some inconsistencies in data
capture—for example, numbers of complications on a
monthly return not matching exactly the number of
complication forms registered; and classification in denomi-
nators—for example, types of procedures in monthly returns.
Despite feedback in the early years of the study, centres were
likely to vary somewhat in the threshold deemed notifiable.
Nevertheless, we consider that this voluntary audit is
representative of diagnostic cardiac catheterisation under-
taken in England and Wales during the audit and is
comparable with other published studies.8–10

The majority of cases, 87% of diagnostic catheter studies in
adults, were left heart studies with coronary arteriography, as
reported in other similar series. It was not possible to
distinguish the number of procedures involving coronary
arteriography only. Historically, the majority of left heart
studies have involved both coronary arteriography and left
ventriculography. However, in recent years, with the advent
of echocardiography, the requirement for left ventriculogra-
phy has diminished and that procedure is practised less often.
It is known that retrograde crossing of the aortic valve in
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Figure 1 Complications and death rates with 95% confidence intervals
by hospital according to monthly procedure rate.

Table 2 Complications and deaths by type of procedure and classification of
complications in all centres combined

Procedures Complications Deaths

Procedure type
LCAs 184 909 (87%) 1 368 (88%) 146 (94%)
L no C 1 855 (1%) 3 (0%) 1 (1%)
RCLA 21 234 (10%) 107 (7%) 7 (5%)
RL no C 1 055 (0%) 4 (0%) 0 (0%)
R 2 592 (1%) 13 (1%) 1 (1%)
Not known 0 (0%) 65 (4%) 0 (0%)
All adult diagnostic 211 645 1 560 155

Classification
Allergy 53 (3%) 0 (0%)
Arrhythmias 553 (35%) 18 (12%)
Cerebrovascular accident 137 (8%) 8 (5%)
Coronary dissection 71 (5%) 6 (4%)
Haemodynamic collapse 94 (6%) 29 (19%)
Intramyocardial injection 16 (1%) 0 (0%)
Ischaemia 178 (11%) 74 (48%)
Myocardial infarction 12 (1%) 5 (3%)
Vascular 335 (22%) 7 (5%)
Miscellaneous 25 (2%) 5 (3%)
Unknown 86 (6%) 3 (2%)
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patients with aortic stenosis is accompanied by substantial
risk of complications, especially neurological.11 The option of
coding procedures that involve coronary arteriography alone
should be included in future audits.

The overall complication rate of 7.4/1000 compares
favourably with those reported previously by multicentre
registries—for example, 8.8/1000 in the USA.8–10 12 The
complication rate seemed to fall over the course of the
decade. Artefact cannot be ruled out—for example, a change
in threshold of complication deemed sufficiently serious to
report, or different hospitals contributing in later years. Since
mortality showed a clear trend and recording of mortality is
less subjective, we conclude that the complication rate
probably did fall over the decade. Reasons underpinning a
real fall are likely to be multifactorial, attributable to
improvements in equipment and contrast material, changes
in arterial access site with reduced use of brachial arter-
iotomy, changes in technique with reduced use of transseptal
puncture, and improved periprocedural preparation.
However, such trends may be offset, to some extent, by the
use of cardiac catheterisation in older patients with more
complex co-morbidity.

Arrhythmias continue to be the leading type of complica-
tion (35%). However, few deaths (12%) were attributable to
arrhythmias, which may reflect continued improvements in
arrhythmia management with increased advanced cardiac
life support uptake. Vascular complications made up the
second most common type (22%) and these also had a low
associated mortality. The preferred site of arterial access has

altered over the years. Brachial arteriotomy has been over-
taken by femoral puncture and radial puncture has become
the preferred access site in many centres. Brachial arter-
iotomy is associated with an increased risk of vascular
complications compared with use of the femoral route.13

Recent comparisons between the use of the femoral and
radial routes have suggested that the radial route is
associated with a reduced risk of complication, but smaller
catheter sizes and recently developed closure devices seem to
have comparable complication rates.14 Future audits should
clearly document access site.

This study found some association between centre caseload
and mortality. American guidelines in 1991 suggested a
minimum annual caseload of 300 per centre.15 Although
complication rates in low volume centres have consistently
been shown to be higher than in high volume centres, more
recent guidelines have recognised that setting a minimum
caseload is fraught with problems.16 Findings based on
voluntary audit and without patient specific data do not
provide sufficiently robust evidence to make recommenda-
tions over minimum caseloads. However, the trend with
caseload lends support for the need for formal audit of all
patients. It should be noted that the majority of centres
reporting in this study had caseloads far exceeding 25 a
month.

Practice in cardiac catheterisation changes with time. The
tendency is increasing to undertake coronary arteriography
and proceed immediately to percutaneous coronary interven-
tion, provided the anatomy and clinical presentation are
appropriate. The British Society for Interventional Cardiology
is committed to use of the central cardiac audit database and
regular audit. We suggest that the recording of complications
in diagnostic procedures should follow the lead of interven-
tional cardiology. The increasing number of cardiac cathe-
terisation facilities, the development of newer and safer
invasive techniques, and the evolution of non-invasive
investigations present a strong case for a robust means of
monitoring diagnostic cardiac catheterisation studies
throughout the UK. This process should be compulsory, be
funded appropriately, use coding based on current practice,
and be transparent. Centres that perform studies with unduly
high complication rates need to be identified to maintain
high standards of cardiac practice.
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An unusual mass related to the right atrium

A
n 81 year old man presented with
progressive exertional breathlessness
(New York Heart Association func-

tional class III) and an apical pan-systolic
murmur. He was hypertensive but had no
other risk factors for ischaemic heart disease.
Electrocardiography showed voltage criteria
for left ventricular hypertrophy.
Transthoracic echocardiography revealed
severe eccentric mitral regurgitation and he
was referred for transoesophageal echocar-
diography (TOE) to assess suitability for
surgical mitral valve repair. TOE demon-
strated severe mitral regurgitation with a
posteriorly directed jet secondary to chordal
rupture and flail P2 and P3 scallops. The left
ventricle was dilated with an end diastolic
dimension of 6.3 cm and an end systolic
dimension of 4.0 cm. Left ventricular ejec-
tion fraction was 65% and fractional short-
ening was 37%. There was degenerative
thickening and calcification of a tricuspid
aortic valve with moderate regurgitation. An
unexpected finding, however, was of a large
(3.3 6 3.8 cm) and thick walled mass lateral
to the tricuspid valve annulus beneath the
right atrial appendage (panel A). Subsequent
coronary angiography confirmed the pre-
sence of a proximal right coronary artery
aneurysm without associated stenosis (panel
B). The left coronary system showed no
obstructive coronary disease. The operative
mortality for combined mitral valve repair

and aortic valve replacement in his case was considered to be significant and the patient opted
for medical management.

Isolated coronary artery aneurysms are most often caused by atherosclerosis. Rarer causes
include connective tissue disorders, Kawasaki disease and cocaine abuse.
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